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SYSTEM AND METHOD FOR PASTEURIZING CITRUS JUICE 

USING MICROWAVE ENERGY 

BACKGROUND OF T HE INVENTION 

Field of the Invention 

The present invention relates to systems and methods for 
5 treating liquids and, more particularly, to systems and 
methods for pasteurizing citrus juice. 
Description of Related Art 

It has been known since the days of Pasteur that, in 
order to prevent contamination over time by harmful 

10 microorganisms, liquids can be heat treated. In addition, 
in fruit juices, the enzyme pectin methylesterase (PME) 
causes a loss of quality in the product during storage. 
Commercial steam pasteurization is typically performed by 
passing the product through a metal heat exchanger; however, 

15 degradation of the juice can occur if care is not taken to 
minimize the temperature differential between the metal 
walls of the heat exchanger- and the center of the liquid. 

Various systems and methods of achieving pasteurization 
have been disclosed, including those of Huzenlaub (U.S. Pat. 

20 No. 2,517,569) and Gray (U.S. Pat. No. 3,092,503), who teach 
the utilization of infrared heating for sterilization. 
Similarly, electromagnetic waves may be used to heat a 
liquid, as discussed by Shaw (U.S. Pat. No. 2,585,970), who 
teaches the use of waves of frequency 500-500C MHz to excite 

25 a conductive cavity through which fluid is directed. 

Microwave heating has also been proposed to inactivate 
enzymes and microorganisms in fruit juices by Copson (U.S. 
Pat. No. 2,833,657) and by Le Viet (U.S. Pat. No. 
4,694,133). In the latter of these, a swirling of the 

30 liquid is induced to achieve more uniform heating. The use 
of microwave energy avoids some of the problems associated 
with heating to high temperatures, including loss of flavor. 
This is due in part to the fact that the radiant energy 
heats the juice directly without heating the chamber walls, 
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thus avoids heat-transfer films and permitting improved 
temperature control. i„ addition, less heat is lost to the 
environment, and rapid startup and shutdown are possible. 

SUMMARY OP T*HE Hm^ o^ 

It is an object of the present invention to provide an 

"proved,. system "* WmtM f ° r P«teurizing liquids with the 
use of microwave energy, 

for " ^ additi ° nal ° bjeCt to P« v ^e a system and method 

dxf f ere„ri r • aV ° idS large ^perature 

dxfferentxals during the process. 

nzJ* " r fUrther ° bjeCt t0 Pr ° Vide 3 SyStem and » eth °* 
pasteurizing liquids that improves the effective storage 
time of the liquid. ge 

and " I 3 r° thCr ° bjeCt ° f inventi °" to provide a system 
and method for pasteurizing citrus juices that avoids loss 
of flavor over fresh-squeezed juice. 

for ? ? 3 fUrther ° bjeCt t0 Pr ° Vide 3 System and -thod 
for pasteurizxng citrus juices that inactivates enzymes and 

destroys microorganisms during processing. 

or JT ^ 0th6r ° b3eCtS a " att3ined With use of the 
Present xnvention, comprising a system and method for 

pasteurxzxng a liquid while retaining optimum flavor. 

orovTr PUOt W6re Perf ° raed °" 5uice that 

proved the efficacy of utilizing a single microwave chamber 

through which the liquid to be processed was continuously 

PME could h "T StUdieS ' ^ ^ ShOWn ttat b -teria anl 
PME could be reduced in concentration to levels permitting 

prolT' .T' ° f jUiCS — unpasteurized 

product. Taste tests indicated that there was no measurable 

loss of flavor over fresh-squeezed juice, an important 
criterion for a liquid to be commercially viable. 

in order to improve cost effectiveness, ease of 
maintenance, and flexibility, a modular system was designed 
to utxlxze a plurality of microwave chambers. The method of 
the present invention thus comprises the steps of 
continuously flowing the liquid sequentially through a 
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plurality of chambers and heating the interiors of the 
chambers with microwave energy to raise the temperature of 
the liquid to a predetermined final temperature. The total 
microwave power and resident time in the chambers are 

5 designed to be sufficient to pasteurize the liquid, and the 
rate of temperature increase in the liquid through the 
chambers are insufficient to cause a detectable loss of 
flavor in the liquid. 

A further step, which improves the efficiency of the 

0 method, comprises exchanging heat between liquid entering 
the system and liquid exiting the system. The energy 
efficiency is attained by recapturing a large portion of the 
energy that had been used to heat the exiting fluid and 
imparting some of that heat to the entering fluid, thus 

5 requiring less of the microwave power. 

In a preferred embodiment, the flowing step comprises 
flowing the liquid through tubing substantially transparent 
to microwave energy. Also in a preferred embodiment, the 
tubing within each chamber is formed into coils. This 

0 increases the potential volume of liquid within each chamber 
while simultaneously maintaining a maximum depth of liquid 
from the tubing wall. This technique minimizes the 
temperature gradient that can form in the liquid being 
heated, which is preferable to subjecting a large volume of 

5 liquid to microwave energy, wherein the liquid can have 
substantial temperature variations throughout the volume. 

In a specific embodiment, the material of the tubing used 
comprises polypropylene. 

The system of the present invention for pasteurizing a 

0 liquid while retaining optimum flavor comprises a plurality 
of chambers, each chamber having an interior, and means for 
continuously flowing the liquid sequentially through the 
chambers. In addition, the system comprises means for 
heating the interiors of the chambers with microwave energy 

5 to raise the temperature of the liquid to a predetermined 
final temperature. Also provided are means for controlling 
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the total microwave power emitted by the heating means and 
means for controlling the flowing means to control the 
resident time of the liquid in the chambers. As for the 
method described above, the system is configured to that the 
microwave power and resident time are sufficient to 
pasteurize the liquid, and the subsequent rate of 
temperature increase in the liquid caused by the power and 
resxdent time within the chambers are insufficient to cause 
a detectable loss of flavor in the liquid. 

In a preferred embodiment, the plurality of chambers 
comprises a first chamber and a final chamber, and the 
system further comprises heat-exchange means for exchanging 
heat between liquid entering the first chamber and liquid 
exiting the final chamber. The heat-exchange means is 
utilized to improve the efficiency of the system. 

The features that characterize the invention, both as to 
organization and method of operation, together with further 
obiects and advantages thereof, will be better understood 
from the following description used in conjunction with the 
accompanying drawing, it is to be expressly understood that 
the drawing is for the purpose of illustration and 
description and is not intended as a definition of the 
limits of the invention. These and other objects attained, 
and advantages offered, by the present invention will become 
more fully apparent as the description that now follows is 
read in conjunction with the accompanying drawing. 

FIG. l illustrates an arrangement of an embodiment of the 
system and method for pasteurizing and disinfecting citrus 
30 juice. 

PETRILPP DB8CRIPTION op the PP«Trep RED mmon^p ^f, 
A description of the preferred embodiments of the present 
invention will now be presented with reference to pig. i, 
wherein the system is designated by the reference numeral 
35 10. 



20 



25 
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A preferred embodiment of the system and method disclosed 
herein comprises a system and method for pasteurizing, which 
inactivates unwanted enzymes, and disinfecting, to destroy 
microorganisms citrus juice 50 while retaining optimum 
flavor. The specific embodiment to be outlined is a system 
and method for pasteurizing orange juice, although this is 
not intended to limit the scope of the invention. 

The steps of the method comprise continuously flowing the 
juice 50 through the system 10 of the present invention, the 
system 10 comprising at least six chambers 101-106 connected 
in series, each having an interior space 191-196, 
respectively. The first chamber is designated 101, and the 
final chamber, 106. In the embodiment tested, each 
microwave chamber comprised a Questron continuous-wave 
magnetron generating useful power output of 1000 W at 2450 
MHz. A commercial-size unit requires larger units, 
typically 5000 W. The power emitted by each chamber 101-106 
is also controllable via power controller 190. 

The continuous flow is effected with the use of a pump 



mm 






« 



tested, the pump 40 is capable of pumping juice at 60 
gallons per hour; however, commercial units typically pump 
at ten to a hundred times that rate f or 600-6000 gallons per 
hour. Additional control is attained with inlet 112 and 
outlet 114 valves fitted to each of the chambers 101-106 and 
shown in FIG. 1 on chamber 102. Each unit may also be 
activated /deactivated with on/off switch 116. 

The juice 50 is pumped through the system 10 through 
tubing 20 substantially transparent to microwave energy, in 
a preferred embodiment comprising polypropylene having 
fiberglass cladding for insulation. In order to increase 
the potential volume of juice within each chamber while 
simultaneously maintaining a maximum depth of juice from the 
tubing wall 204, the tubing 20 within each chamber 101-106 
is formed into coils 202. In the preferred embodiment, the 
tubing has an inner diameter of 3/8 inch, this diameter 
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being selected to ensure that th* 

absorption by the liquid is J^J^ " 1C ™ ~ 

vit^icrT^ — — are hea ted 

freguency of 2450 megahertz h ^ * 

The temperature of the juice in t ho f , 



-xwi a sensor 32. innfK fi > 

temperature of the entering ^ ' ~ 30 " ns « «- 
*m«m. i„ response to «.! '"trance 108 of the 

«~ 0£ the j u i oeZi h th : h : e :. s :i_ exitin9 *—»*«.. 



"ow of the juice throuoh «, tM P«> r "ure, the 

to attain the desi^ «naT t ^ ** """"^ *» «** 

«n.i ^ r t z::t;i7< of 3uioe so in th * 

determined that is euf f ic '.nt' v h k * tMP6 " tu " le 
undesirable microorganisms ana en"L s ' , lnaCtiV " e 
ana pectin methylesterase ana \TT lnClUdin * >»««i, 
I- to avoia caesin/rhstanti" tt!rIorat7 'T^ 
-or the system ana methoa for tr.at'no " aV ° r - 
oesirea final temperature il \TZ 

a rr ^c«ic n aut "or :: 70 and 95 

o-ooa iM » t . the aesirea final temperature f. in th 

90 to 95 aegrees oentigraae. " nge of 

In oraer to improve the efficient ... 
«thoa, a further step comorill, 7 ° an<J 

i«ice 5.2 entering the' sy^ " ,7rh7 ! ^ ^ 
"ice exiting the system X. at 1.^.7^ /i"^ 
if exiting juice 504 at a temperature in ll SpeClflcall y- 

•» oegree, oentigraae is usea^o p«h« t It 0 * » to 

through the use of a h.„ f k Pre " eat ""taring juice 502 

exchanger ... the .iexo^v. potT" T " " «*■ "*" 
-on 3, to . Hlouatts, Z^^^J'' ^ 
can b. recapture ana usea to prlheat """^ 
without overheating it. -term, juice 502 



Following the heat-exchange step, the exitino , • 
is chillea .ithin cooler <s axitmg juice 504 

temperature to improve pr « tat «-*»<« "orage 



temperature to improve the effectfv Predetermined borage 
juice 5... In ^ preferred ^ ™ St °"«o time of the 

«eoaiment, Predetermined 
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storage temperature comprises a temperature of substantially 

4 degrees centigrade. 

The method and system of the present invention have been 
used to continuously pasteurize orange juice, the treated 
5 juice then being subjected to flavor and microbial activity 
tests. At a final exiting temperature of 90 degrees 
centigrade and a residence time of 8 seconds, PME was 
inactivated 100%, and bacteria were inactivated to less than 
the detection limit of less than 200 colony-forming units 

10 per milliliter when subjected to agar incubation at 30 
degrees centigrade for 48 hours. Taste panel testing has 
indicated that the microwave treatment does not cause a 
detectable change in flavor over fresh-squeezed 
unpasteurized juice at the 99.9% significance level. No 

15 significant deterioration in flavor was noted for 90 days 
when the juice is maintained at 4 degrees centigrade 
following treatment. 

It may be appreciated by one skilled in the art that 

» 

additional embodiments may be contemplated, including the 
20 pasteurization and disinfection of milk, beer, and other 
fruit juices. 

In the foregoing description, certain terms have been 
used for brevity, clarity, and understanding, but no 
unnecessary limitations are to be implied therefrom beyond 

25 the requirements of the prior art, because such words are 
used for description purposes herein and are intended to be 
broadly construed. Moreover, the embodiments of the system 
and method illustrated and described herein are by way of 
example, and the scope of the invention is not limited to 

30 the exact details of the system and steps outlined above. 

Having now described the invention, the construction, the 
operation and use of preferred embodiment thereof, and the 
advantageous new and useful results obtained thereby, the 
new and useful constructions, and reasonable equivalents 

35 thereof obvious to those skilled in the art, are set forth 
in the appended claims. 
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What is claimed is: 

1- A method for pasteurizing a liquid while * 
optimum flavor, the method comprising the steps of 

a D w a i< C r ti r° USly flOWin9 UqUid se ^^tially through 
a plurality of chambers having interiors; and 




•».«-, . heatin9 interi ° rs of <*• cambers with microwave 
energy to raise the temperature of the liquid to a 
predetermined final temperature, the total microwave power 
and resident time in the chambers being sufficient / 

10 tzi; th : ™' - d the — - -pU^rrea:: 

xn the liquid through the chambers being insufficient to 
cause a detectable loss of flavor in the liquid 

2. The method recited in Claim 1, further comprising 

is izt::£" tttt entering * first ~ « 

iquid exiting a fxnal chamber, the heat-exchange step 
improving the efficiency of the method. 

3. The method recited in Claim 1, wherein the flowing 

substan^rT " OWin9 ^ UqUid th " U * h 
substantially transparent to microwave energy 

20 W J/ re ° ited " ° lain 3 ' Wherei « the tubing 

within each chamber is formed into coils, the tubing having 

a vail, thereby increasing the potential volume of iiqu id 
within each chamber while simultaneously maintaining a 
maximum depth of liquid from the tubing wall. * 

5. The method recited in Claim 4, wherein the tubing 
comprises polypropylene. 

Liquid pasteurized by the method of Claim 1. 
A method for pasteurizing citrus juice' while 
retaining optimum flavor, the method comprising the steps 

continuously flowing the juice through a system 
comprising at least six chambers having interiors connected 
in series, one chamber comprising a final chamber; 
^ • , determinin 9 a desired final juice temperature to be 
attained, the desired temperature determined to be 
sufficiently high to inactivate undesirable microorganisms 



6. 

7. 
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and enzymes, including bacteria and pectin methylesterase, 
and sufficiently low to avoid causing substantial 
deterioration of flavor in the juice; 

heating the interiors of the chambers with microwave 



sensing the temperature of the juice in the final 
chamber; and 

controlling the flow of the juice through the system 
in response to the sensed temperature in order to attain the 
LO desired final temperature of juice in the final chamber. 

8. The method recited in Claim 7, wherein the desired 
final temperature comprises a temperature between 70 and 95 



9* The method recited in Claim 8, wherein the microwave 
15 energy comprises energy having a frequency of 2450 



10. The method recited in Claim 9, wherein the flowing 
step comprises flowing the liquid through tubing 
substantially transparent to microwave energy. 

20 11. The method recited in Claim 10, wherein the tubing 

within each chamber is formed into coils, the tubing having 
a wall, thereby increasing the potential volume of juice 
within each chamber while simultaneously maintaining a 
maximum depth of juice from the tubing wall. 

25 12. The method recited in Claim 11, wherein the tubing 

comprises polypropylene. 

13. The method recited in Claim 12, wherein the tubing 
further comprises fiberglass cladding for insulation. 

14. The method recited in Claim 13, further comprising 
30 the step of exchanging heat between juice entering a first 

chamber and juice exiting the final chamber, the heat- 
exchange step improving the efficiency of the method. 

15. The method recited in Claim 14, further comprising 
the step of chilling the exiting juice to a predetermined 

35 storage temperature to improve the effective storage time of 
the juice. 
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1«. The method recited in ci a *« , c 

predetermined «tr>» m * 15 ' where i* the 

«™inea storage temperature comprises a to*™ * 

substantially 4 degrees centigrade. temperature of 

17. The method recited in n**™ n * 

energy, and the maximum desired neaping 

temperature in the range of 90 to C ° mPrl8eS 3 

18 cit™- • • 5 de 9 rees centigrade. 

18. Citrus 3 uice pasteurized by the method of claim 7 

19. a system for pasteurizing a liquid while retain 
optimum flavor, the system comprising: ™ ^ 

a Plurality of chambers, each chamber having an 

means for heating the interiors of the cha*^ 
microwave energy to ra i« f h . chambers with 

a predetermined * f temperature of the liquid to 

Anea «nal temperature; 

"eatang »eens and means for controin n „ ... 
Wowing mean, to control the r„,H.„. .... .! ° 1U " 9 <** 




, Mns to ^ ^ ™ ~ - -trou^g t,. 
the chambers the nH~*.„. liquid in 

t ; r c. t/r en : «- 

°' increase in «e "c^ LTtTT* 

and resident time „if hj caused by the power 

nt time w ithm the chambers beino insuffH,,,- *. ^ 
cause a detectable loss at ««„ ^sufficient to 

e xoss of flavor in the liquid 
20. The SVS f M . ^^quia. 



iiav w in tne liquid 

Plurauty'of c^ers *" ^ the 

chamber, and further * ^ * nd * 

e* eh ™ I further comprising heat-exchange means for 

exchanging heat between liquid entering oh I 

1 . . y u entering the first rh a »i — 



— -«*,.ing neat between liquid entering *• 

and liquid exiting oh * ent ermg the first chamber 

•"iuia exiting the final chamber, the h m «- 

means improving the efficient oh hea t-exchange 

* ««iciency of the system. 

21. The system recited in Claim 19, wherein the «, 
for flowing comprises: herein the means 

tubing substantially transparent to »w™ 
energy; and co microwave 
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pumping means for primping the liquid through the 

tubing. 

22. The system recited in Claim 21, wherein the tubing 
has a wall and the tubing within each chamber comprises a 

5 coil of tubing, thereby increasing the potential volume of 
liquid within each chamber while simultaneously maintaining 
a maximum depth of liquid from the tubing wall. 

23. The system recited in Claim 22, wherein the tubing 
comprises polypropylene. 

10 24. A system for pasteurizing citrus juice while 

retaining optimum flavor, the system comprising: 

means for continuously flowing the juice through at 

least six chambers connected in series, one chamber 

comprising a final chamber; 
15 means for heating the interiors of the chambers with 

microwave energy; 

means for sensing the temperature of the juice in 

the final chamber; and 

means for controlling the flow of the juice through 
20 the chambers in response to the sensed temperature in order 

to attain a desired final temperature of juice in the final 

chamber, the desired final juice temperature determined to 

be sufficiently high to inactivate undesirable 

microorganisms and enzymes, including bacteria and pectin 
25 methylesterase, and sufficiently low to avoid causing 

substantial deterioration of flavor. 

25, The system recited in Claim 24, wherein the desired 

final temperature comprises a temperature between 70 and 95 

degrees centigrade. 
30 26. The system recited in Claim 25, wherein the 

microwave energy comprises energy having a frequency of 2450 

megahertz • 

27. The system recited in Claim 26, wherein the means 
for flowing comprises: 
35 tubing substantially transparent to microwave 

energy; and 
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mwne for pumpin, the Juice through the tub ing . 
*». The system recited in claim 27, wherein *h„ 
-as , wall ana the tubin, within each chamjel is 
a coil, thereby increasing the potent!.! vo urn it 
withan each chamber while si™,,!^ , 3 
maximum depth of iui, 7 simultaneously maintaining a 

aepth of juice from the tubing wall. 

29. The system recited in Claim or • ^ 
comprises polypropylene. ' ^ tuMn ' 

30. The system recited in Claim 29, wherein tha * w 
further comprises f irMMl , wnerem the tubing 

omprises fiberglass cladding for insulation. 

31. The system recited in Claim 30, further co»m-^< 
means for exchanging heat between juice entering T * 
and juice exiting the system ^ „ ^ *h. system 
loving the effi^ of' ^ ~" 

32. The system recited in Claim 31, further co „ b h • 
-ans for chilling the exiting juice to T^SS 
storage temperature to improve the effective * redetermined 
the juice. etfective storage time of 

33. The system recited in claim 32 ■ 

ztzzz rr- tCTperature ' -ssl. - 

ucszantially 4 degrees centigrade. 

34. The system recited in „ 

*i claim 33, wherein the meanc 

rat. T;:\:rr rlMs pu ° pin * Mans ^ . 



6 kilowa*-i-c! „<r v. — .=a. yj r comprises 

acis of "eating energy, and the fi n *i * • 
temperature comprises a temperature i ««. 
degrees centigrade. t6mperatUre in the of 90 to 95 



WO 96/11591 



PCT/US95/12953 



1/1 




irffERiVATlONAL SEARCH REPORT 



TUtlOIUl Application No 

r-CT/US 95/12953 



or to boa national daanfication and ipt- 



to International Patent q,sa U cat.oo i ip q 
B. FIELDS SEARCHED 



ofter dun minimum documcnuooo to the" 



extern chet ruch ckxuments are mduikd ,„ the fiddi" 



^ 

M ™ aon * 1 *"«h (name of dau base and, where 



practtcaJ, search terras used) 



C DOCUMtM.S mM StDERED TO RF „„, c — 



•ppropnwe, of the relevant puuftx 



a^^sfdSsg"*" 7 Narch 1986 

}&°" (0FFI ""» E "I CART.GUAN0) 5 
see claims; figure 6 

6 M " 1958 

see the whole document 

* US.A.4 694 133 

"ted in the application 

-/-- 



** luted to (he eoimnuafcon of box C 
' S P«M1 canzones' of cited docurnentTT 

o^fpeaal reaaon (tt ^ - 
toanoriidisdoaure. 




ere listed in annex 



u not 



«* to undent ^I^^^JCS^T 



Date of the acDtai completion of the 



ttep when the document a taken 
of particular relevance; the danaed ini^iau,. 



toa 



1 March 1996 



of the ISA 



m the art. 

* d0c1Mtacnt — - — patent family 

Date of ma^c^teimemattleaiJ 



12-03.96 



Authorized officer 



Van Moer, A 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



-national Application No 

PCT/US 95/12953 



C(Cao&nuation) DOCUMENTS CONSIDERED TO BE RELEVANT 
Catrjory • | Citation of document, with indication, where Appropriate, of the relevant pasafts 

US.A.2 517 569 (E.G.HUZENLAUB) 8 August 
1959 

cited in the application 
see the whole document 

US.A.3 092 593 (O.S.GRAY) 4 June 1963 
cited in the application 
see the whole document 



Utcvant to claim No, 



form PCT/lSA/210 ( 



sfewi) (July Iff3) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 



£1 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



□ SKEWED/SLANTED IMAGES 





□ ,GRAY SCALE DOCUMENTS 



THIS PAGE BLANK (uspto) 



